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 Compounds of series YBa2Cu3O7-d (d » 0.7), being synthesized by solid-state 
synthesis route with x = 0.0, 0.10, 0.15 and 0.20, crystallize in single-phase form 
with tetragonal structure (space group P4/mmm). The c-lattice parameter increases 
with increasing x, indicating successful substitution of Y3+ by bigger Ca2+ ion. 
Resistance versus temperature (R vs. T) measurements show that pristine sample (x 
= 0.0) is semiconducting down to 5 K. Induction of superconductivity is seen with 
an increase in x. The x = 0.10 sample exhibit the onset of superconducting transition  
(Tc
onset) at around 42 K without attaining zero resistance superconducting transition 
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temperature (Tc
R=0) state down to 5 K.  For x = 0.15 and 0.20 samples Tc
R=0 is 
observed at 25 K and 35 K with Tc
onset of 52 K and 61 K respectively. Thermo-
electric power (S) measurements in temperature range of 5 – 300 K, exhibited Tc
S=0 
at around 25 K and 35 K respectively for x = 0.15 and 0.20 samples. Further a sign 
change in S from +ve to –ve is observed at low temperatures for x = 0.0 sample. 
Room temperature +ve S value decreases with increase in x, indicating enhanced 
number of mobile holes. The Magneto-transport measurements under applied 
magnetic fields of 3 and 6 Tesla show the broadening of superconducting transition 
for x = 0.15, and 0.20 samples. For x = 0.10 sample the superconducting transition is 
suppressed in applied fields of 3 and 6 Tesla. Our results will help in constructing 
the complete phase diagram of Y1-xCaxBa2Cu3O7-d compounds with various x and d.  
PACS: 74.25.-q, 74.25.Dw, 74.25.Fy., 74.62.-c, 74.62.Bf.   
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I. INTRODUCTION  
 The phase diagram of RBa2Cu3O7-d (R = rare earth elements, except Ce, Pr 
and Tb), as a function of oxygen content, d, shows that for d=1 these compounds are 
antiferromagnetic (AFM) insulators with Cu moments ordering above room 
temperature. With decrease in d i.e, on increasing the overall oxygen content of the 
system, the mobile p-type carriers are injected which bring the system from AFM 
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insulator to a superconducting state with Tc ~ 90 K (d » 0.0). In the intermediate 
region of 1.0 < d < 0.0 with variable value of p-type carriers, the AFM ordering 
temperature of Cu spins decreases and eventually vanishes at a particular d value and 
superconductivity starts appearing [1,2].   
 Another way of exploring the phase diagram of RBa2Cu3O7-d (R-123) 
system is via partial substitution of R3+ by Ca2+, within the solubility limit, which is 
around 20-30% only [3-8]. Substitution of trivalent Y by divalent Ca in Y1-
xCaxBa2Cu3O7-d directly dopes mobile carriers in the system, provided d does not 
change with x [8]. The Y3+ site Ca2+ substitution in Y1-xCaxBa2Cu3O7-d system with d 
» 0.0, decreases Tc primarily due to over-doping for x < 0.05. The same happens for 
x > 0.05 by increasing values of d [4,8]. On the other hand when Ca2+ is substituted 
at Y3+ site in under-doped (d > 0.0) Y1-xCaxBa2Cu3O7-d system, it increases the Tc of 
pristine un-doped system [5,9,10]. For d values close to 1.0, one achieves the 
insulator to metal transition and subsequently superconductivity by this substitution 
[5,9].  For example superconductivity is reported with Tc ~20K in 
Y0.8Ca0.2Ba2Cu3O6.1 system [5]. Interestingly most of the studies regarding the 
induction of superconductivity by Y3+- site Ca2+ substitution in insulating Y-123 are 
carried out near highly under-doped regime i.e. close to d » 1.0 [4,7,8,11-13].  On 
the other hand suppression of superconductivity in Y1-xCaxBa2Cu3O7-d system is 
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mainly reported for d » 0.0. The composition Y1-xCaxBa2Cu3O7-d with intermediate 
range of d between 1.0 and 0.0 has not been examined fully [14].  In the present 
study we explore the Y1-xCaxBa2Cu3O7-d system with d » 0.70 and report its 
superconducting characteristics. Superconductivity is introduced systematically in 
Y1-xCaxBa2Cu3O7-d system (d » 0.70) at lower concentration of Ca than those 
reported earlier for d =1.0 systems. Our present results will help in constructing the 
complete phase diagram of Y1-xCaxBa2Cu3O7-d compounds with various values of x 
and d.  
 
II. EXPERIMENTAL DETAILS  
 Samples of the series Y1-xCaxBa2Cu3O7-d with x = 0.0, 0.10, 0.15 and 0.20 
were synthesized by a solid-state reaction route using ingredients Y2O3, CaCO3, 
BaCO3 and CuO. Calcinations were carried out on mixed powders at 880 
0C, 890 0C, 
900 0C and 910 0C each for 24 hours with intermediate grindings. Pressed pellets 
were annealed in a flow of oxygen at 920 0C for 40 hours and subsequently cooled 
slowly to room temperature with an intervening annealing for 24 hours at 600 0C. 
These pellets were further annealed in flowing N2 gas at 600 
0C for 24 hours and 
subsequently cooled to room temperature. X-ray diffraction (XRD) patterns were 
obtained at room temperature (MAC Science: MXP18VAHF22; CuKa radiation). 
Magnetization measurements were performed on a SQUID magnetometer (Quantum 
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Design: MPMS-5S). Resistivity measurements under applied magnetic fields of up 
to 6 T were made in the temperature range of 5 to 300 K using a four-point-probe 
technique (PPMS, Quantum Design). Thermoelectric power (TEP) measurements 
were carried out by dc differential technique over a temperature range of 5 – 300 K, 
using home made set up. Temperature gradient of  ~ 1 K is maintained throughout 
the measurement. 
 
III. RESULTS AND DISCUSSION  
 Figure1 depicts the X-ray diffraction patterns for all samples of the series Y1-
xCaxBa2Cu3O7-d with x = 0.0, 0.10,0.15 and 0.20. All these samples crystallize in a 
tetragonal structure of (space group P4/mmm), without any detectable impurities 
within the x-ray detection limits. Earlier it has been shown that the safe solubility 
limit of Ca substitution at Y-site in Y-123 is around 20% [11] and our results are 
consistent with that. The c-lattice parameter increases monotonically with increasing 
x, indicating successful substitution of Y3+ by bigger ion Ca2+. The c-lattice 
parameter of the pristine x = 0.0 sample is 11.803(3) Å, which facilitates us in 
knowing that the oxygen content in the system is 6.3 [15]. The ionic size of Ca2+ in 
eight-fold coordination number is 1.12 Å, while that of Y3+ in the same co-
ordination is 1.02 Å. The system remains tetragonal over the whole range of doping 
(20% of Ca2+ at Y3+). Monotonic increase of c-lattice parameter with x in Y1-
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xCaxBa2Cu3O7-d system guarantees the substitution of Ca
2+ at Y3+ site in the same co-
ordination number of eight. The lattice parameters of various samples are given in 
Table 1. Across the series the a-lattice parameter is nearly constant with slight 
decreasing trend. This is due to the fact that though the a-lattice parameter is 
supposed to increase slightly due to bigger ion Ca substitution, the increasing 
number of carriers decrease the in plane Cu(2)–O(2) distance and hence the former 
effect is nullified. It is known that increasing p-type carriers in HTSC compounds 
increase the hybridization of the in-plane Cu(3d) and O(2p) orbitals resulting in a 
decrease both in  Cu(2)-O(2) distance and the a-lattice parameter [14,16]. This 
situation is different than the one observed earlier for Y1-xCaxBa2Cu3O7-d system 
with d » 0.0, where Ca presumably prefers a lower co-ordination number [8]. 
Interestingly the Ca-doped samples though superconducting, are still tetragonal like 
un-doped non-superconducting and insulating pristine compound. Earlier there are 
some reports about the phase transformation of tetragonal under-doped R-123 to 
orthorhombic with induction of superconductivity by Y3+ site Ca2+ substitution 
[17,18]. Our results show that, the Y1-xCaxBa2Cu3O6.3 system remains tetragonal 
within the solubility limit of Ca irrespective of whether the same is superconducting 
or not.  
 Resistance versus temperature plots for Y1-xCaxBa2Cu3O7-d with x = 
0.0,0.10,0.15 and 0.20 are shown in Fig.2. Pristine sample (x = 0.0) is highly 
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semiconducting and its resistance values in Fig.2 are divided by 6.Though, the 
absolute resistivity values are not plotted in Fig.2, their resistances were measured 
on similar pieces, indicating that the scaling factor should be nearly the same. 
Keeping this in mind, one infers from Fig.2, that both room temperature 
conductivity and normal state (above Tc
onset) conduction process of Y1-
xCaxBa2Cu3O7-d system improves with increase in Ca concentration. The x = 0.0 
sample is semiconducting down to 5 K, for which the R5K/R300 ratio is nearly 10. 
Though x = 0.10 sample exhibits Tc
onset, its normal state behavior is semiconducting 
with Ronset/R300 ratio of nearly 2. This implies that the normal state conduction 
improves significantly after Ca2+ substitution at Y3+ site. For x = 0.15 sample, the 
normal state conduction is mostly metallic in nature with a slight upturn above 
Tc
onset. Further it shows   a Tc(R=0) at 25 K. The x = 0.20, compound exhibits 
metallic behavior in the entire temperature range between room temperature and 
Tc
onset. The x = 0.20 sample shows maximum Tc(R=0) value of around 35 K. It is 
clear from our resistance data shown in Fig.2, that superconductivity is induced 
systematically by Ca2+ substitution at the Y3+ site in Y1-xCaxBa2Cu3O7-d (d » 0.7) 
system.  
 The results of thermoelectric power (S) measurements on Y1-
xCaxBa2Cu3O6.30 with x = 0.0,0.10,0.15 and 0.20 are shown in Fig.3. The value of S 
at room temperature (290 K) is found to be positive for all the samples, indicating 
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them to be predominantly hole (p) type conductors. Also the value of S290 K 
decreases monotonically with x (Table 1). Implying that the number of mobile p-
type carriers increase with increase in x for Y1-xCaxBa2Cu3O6.3 system. For strongly 
correlated systems the absolute value of S is known to be inversely proportional to 
the number of mobile carriers [19]. Further with decreasing temperature S passes 
through a maximum (Smax) and later starts decreasing with further decrease in 
temperature. The temperature corresponding to Smax i.e. T (Smax), is marked as a 
cross in Figure 3.  T (Smax) decreases monotonically with increasing x. 
Thermoelectric power measurements below T (Smax), exhibits rather sharp transitions 
to Tc
S=0 at around 25 K and 35 K respectively for x = 0.15 and 0.20 samples. A 
change in sign of S from +ve to –ve is observed at low temperatures for x = 0.0 
sample due to which thermoelectric power passes through S = 0 state, which should 
not be confused with superconductivity. Pristine (x = 0.0) sample is insulating and 
the same exhibits seemingly a change in carrier sign at low temperatures. For x = 
0.10 sample though Tc
S=0 is observed at around 7 K, clear superconductivity like 
transition is not seen. This may possibly be indicative of the weak superconductivity 
for x = 0.10 sample. In brief one can conclude that thermoelectric power 
measurements corroborate the resistance versus temperature results shown in Fig.2.   
 Magneto transport in applied fields of 0, 3 and 6 Tesla for x = 0.10 
sample is shown in Fig.4. No apparent MR is seen in normal state i.e. above Tc
onset. 
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This indirectly excludes the possibility of any magnetic ordering of Cu-spins above 
Tc
onset. Tc
onset is not observed in applied fields of 3 and 6 Tesla, indicating towards 
weaker superconductivity. Interestingly the S vs T measurements did not exhibit 
clear superconducting transition for this sample, see Fig.3. Hence both R vs T and S 
vs T measurements indicate towards weak superconductivity in x = 0.10 sample. In 
optimally doped HTSC compounds, the Tc
onset generally remains unchanged under 
magnetic field. Sharp decrease of Tc
onset under applied magnetic field indicates 
towards the presence of non-uniform distribution of mobile carriers in various grains 
of the system. This type of systems may eventually form the SNS (superconducting-
normal-superconducting) junctions, origin of which may be related to the intra-grain 
phase-lock transitions, which are susceptible to decrease in Tc
onset under magnetic 
field [20].   
Fig.5 depicts the magneto-transport measurements for x = 0.15 sample. This 
sample exhibits Tc(R=0) at around 25 K without any applied magnetic field. Under 
applied magnetic field of 3 and 6 Tesla, R = 0 state is not observed and Tc
onset is 
found to decrease with field. Decreasing Tc
onset under magnetic field calls for the 
similar explanation (SNS/SIS junctions formation due to non-uniform distribution of 
holes with in different grains) as for x = 0.10 sample. It means that even in x = 0.15 
sample having Tc(R=0) of around 25 K, the distribution of mobile carriers is not 
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uniform. No apparent MR is seen in normal state i.e. above Tc
onset, which excludes 
the possibility of any magnetic ordering of Cu-spins above Tc
onset in this sample.  
The magneto-transport measurements for x = 0.20 sample are shown in Fig.6. 
This sample shown Tc(R=0) of around 35 K. Considering that fact that for higher x 
values disorder plays a negative role towards superconductivity, the Tc of this 
sample indeed should be higher [8,21]. Both doped carriers and the disorder due to 
substitution seems to compete with each other. This is the reason that one never 
achieves the optimum Tc of the system, even with sufficient substitution level. Under 
applied magnetic fields of 3 and 6 Tesla, the Tc(R=0) decreases to around 10 K and 
8 K. All the Tc (superconducting transition) values are given in Table 1. Tc
onset of this 
sample remains nearly unchanged under applied magnetic fields of 3 and 6 Tesla. 
This situation is similar to that as observed for other HTSC compounds. 
Interestingly though Tc
onset is unchanged under magnetic field, a step is seen in 
broadened transition, which is again reminiscent of some SNS junctions in the 
compound. No apparent MR is seen in normal state excluding the possibility of any 
magnetic ordering of Cu-spins above Tc
onset. We would like to mention that though a 
small step like structure is seen in broadened transition of x = 0.20 sample, its 
unchanged Tc
onset under magnetic field warrants more uniform distribution of mobile 
carriers in various grains than other Ca doped samples. In fact the small step in 
 11
broadened transition may be due to the presence of natural weak-links in the 
polycrystalline compound. 
 
SUMMARY 
We have synthesized Y1-xCaxBa2Cu3O7-d (d » 0.7) with x = 0.0, 0.10, 0.15 and 
0.20 and induced systematically superconductivity in pristine semiconducting 
compound. Magneto-transport measurements exhibit unusual broadening of 
superconducting transition under magnetic field, indicating towards non-uniform 
distribution of mobile carriers in these systems.  Our present results will help in 
constructing the complete phase diagram of Y1-xCaxBa2Cu3O7-d system as a function 
of x and d.  
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FIGURE CAPTIONS  
 
Figure 1. X-ray diffraction patterns of various Y1-xCaxBa2Cu3O7-d samples.  
  
Figure 2. Resistance (R) vs. Temperature (T) for various Y1-xCaxBa2Cu3O7-d samples 
in temperature range of    5 –300 K.  
 
Figure 3. Thermoelectric power (S) vs. Temperature (T) for various Y1-
xCaxBa2Cu3O7-d samples in temperature range of    5 –300 K.  
 
Figure 4. Resistance (R) vs. Temperature (T) in 0, 3, and 6 T fields for 
Y0.90Ca0.10Ba2Cu3O6.3 in temperature range of 5 –300 K.  
 
Figure 5. Resistance (R) vs. Temperature (T) in 0, 3, and 6 T fields for 
Y0.85Ca0.15Ba2Cu3O6.3 in temperature range of 5 –300 K.  
 
Figure 6. Resistance (R) vs. Temperature (T) in 0, 3, and 6 T fields for 
Y0.80Ca0.20Ba2Cu3O6.3 in temperature range of 5 –300 K.  
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Table 1. Lattice parameters a, and c and superconducting temperature, Tc(R=0) and 
superconducting onset temperature Tc
onset (K) in applied field of 0, 3 and 6 Tesla for 
Y1-xCaxBa2Cu3O6.3.  
 
x 
 
a (Å) c (Å) S(290 K)  
mV/K 
Tc(R=0)/Tconset 
H = 0 Tesla  
Tc(R=0)/Tconset 
H = 3 Tesla 
Tc(R=0)/Tconset 
H = 6 Tesla 
x = 0.0 3.859(5) 11.803(3) 126 -/- -/- -/- 
x = 0.10 3.854(4) 11.814(4) 93 -/42 K  -/- -/- 
x = 0.15 3.851(2) 11.819(2) 52 25/52 K -/30 -/24 
X = 0.20  3.848(5) 11.823(2) 46 35/61 K 10/56 K 8/52 K 
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Fig.2 (Awana etal.) 
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Fig.3 (Awana etal.) 
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Fig.4 (Awana etal.) 
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 Fig.5 (Awana etal.)  
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Fig.6 (Awana etal.) 
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